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(54) COLUMN FOR CHARGED PARTICLE BEAM DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED:To inspect a column for a 
charged particle beam device in a state of a large arrival 
angle of the beam while maintaining high resolution. 
SOLUTION: A charged particle beam column includes a 
particle supply source 12, an objective 20, and a front 
lens deflecting unit 30. It also includes an inHens 
deflecting unit 40 disposed in the vicinity of the 
objective to direct a charged particle beam to an optical 
axis and deflect the charged particle beam apart from 
the optical axis in the direction of a passage for it to hit 
a specimen surface from a first direction. The charged 
particle beam is again directed to the optical axis by the 
objective and the inHens deflecting unit 40 to again 
direct deflected charged particle beam to a passage for 
it to hit the specimen surface from a second direction 
practically opposite to the first direction in a state of a 
large arrival angle of the beam. 
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[#ffW#©3gB] 

X<h. 

ttttK t *MH U > XM KB« S nfcW* U > X(Hl6] 

e nti i © jsnaj*» 6 k a * ± 5 

4 -)i H#»fc* * 3 e BEat* >x©ifi»KEBS 
be*m& v > v >xm^- v h t zmzf-s 
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[1***2] «r*u>x«iai3.=y htwe-r >u> 
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Bt*JHlfEie©#7A. 
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CD{£ (intermediate image) i— StT-£>^*"'5>rliT< -5 

&tt**lfEm©7J7Ao 

[W** 4 ] -f > U >XBl6)3.- ^ Mi. K^Bt 

t^MT -s «t -5 cBrsi t*- a znjjfttt vrr&—~3 

[W**5] *rtn->x«. *^aa»«i^>xt?» 
o. »*b<tt*^a«»«i'>x©»«»»tt»«« 

jfk>X-CSbSi*^ 1 fEft©#5 A. 

[is**6] ts»t» ! ftV'>xo*H-t©Mc«ffi* 
epjnrt ©^Ht-exfcW** 5 ib®©# 5 
A. 

X<h. **E«3&«J:0*^±«U>Xi*«A*— SW' 
>X-e&*§»** 1 B«©# 7 A. 
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*ffSb<«i^l 0mm~fi2 OmnrCfe-Si* 

[§*** 10] <f > V >XI|Sia- s/ h -tfi'J ^ > 
XOT*"PTWU>XKifiV»*K:EB«4T.*»** 7 * e 

[t***l l] K»©T*k:KB3*i*3S«&U>X 

[f***12] KflaB^ttfcWBtt^-A*** 

■$-*fc«>©*»SMK«*.*»#* i fBtt©# 5 a. 
[»M13] (a) Jteafctt^TeftTSttBtfr? 

(b) K»SffitcW«St^t-A**5t[S-a:SX7-yX 

g^^BI-fatt^©©^"^ 3 ^"^ It. 

(c) t'-ASUa^S^S^T^X-r-yXi:. 

(d) 3tiMcj&oTe»T*ffi«ti^e-ASfttt*>& 

ckoTffim&^t'-A^fatttten. «1©*I61*»6 
8m^Bcys;fc*<fc5K:Bffl©*££>WB**2ft. 
BEBffltfttttSi®©^*^* 1 ©«#*t>fcS-r«l6J 

(e) «iajsnfc«Mttt^K-A*S«*lftW»t*Xx 
•yXT&oT, 

-&*5-e-sc:tcj:^)TiKr«fit : f* i *i6J#^^*T- WB& 

*9EW#fatttta J ttttBffi© , K*' : =* 2 ©£?#£ t>fc 6 

Xx-yX (d) ©BffltXT-yX (e) ©W#|6J#Wtt 
^^S©^iRMA ? S/hlt^«» e fcolcSW$n^*te. 

[M** 1 4 ] BBSt^iKIBS t . 

««f Btt^i&ai t w > x© m eb s n 

U>XfifS)3.r.-y hi:, 

fe$><btitc (defined) 3t||l|&*rr*W««C J ?* 

MBtt^r u > Xfiisj«tt#**» 6 unT^r m«!t^ 

S«*e>nfc3tWS:#T*^««Jt^*7A. 

[If** 15] B^W>X«|SlBtt. BBtt^WISH 
X«fe^«^iH© ♦ W©B*» S Sin* JiSS * 
%H»& «nx«i6i S ** * ^ fc»ffWC» * o 
dr&]l§*<i^. (WB-f >1^>X®I6]S«. ««S««© 
^® ©5ttt t SJS-r * «t -5 Kfiirs] $ nfc tf- a & s^r&i 
f=ttt-r4«k3Ct(i^BT»S^©iilfilB*«^*B 
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[i^l6] WB»*U>Xtt. ^«1^>X. *S£ 

A£(ai6]£-a-&#5A. 

A. 

2 o ] ttf&mfa y ■< —n? h tt wt2** 7 ^ - 
ts»#jri sBWDflMttt'pa^A. 

fcf-Afc:*2©aSiajS»flU *f7^-;n<t«c. 
3t WlHia-C tf- A * BSf * T- f - A 

T-y flfWB^If-A&IB 

[0 0 0 1] 

•a sjjg a stk ± k t*- a atsuarr £ f- a * 5 
Aicgrr-sfcoT-ifc-s. 

[0 0 0 2] 

[»*««] j£5lEJ&«^8im& (S EM) VHDWtXKF- 
k'-AglTB, ffim&^H-A©ft2J&?J&lflP#«& 

■5. *<<Dj6flmi. ahMS^Plf-Att, 9 0-18 0 
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TV^<fc^fc. UcBfc'^bf— A Hi 

iif -5. 

[0 0 0 5] cne^TC^fflTB, h*-A£«&£ii: 
S*#^XA;J*»g&lg*4£*;fcT. ffl«0*««il/ 

^«fc<*-5. una. *«0»©*^ui:ji'7 , wf»© 
«t o xz%m yz.mmti.mmm \zm ltis# it ma <t tt % 

[0 0 0 6] £-A©«tt«r««WK:*fT-r4«£. « 

nx^-ixtv^cii^^icas^fij^t^^o 11:. 

»^W>XW±*T*<lfS]^*a?) (ffr 

tl-5. U*>U^e>. ^E-cO^tbT, fcf-Ate^>X 
%^>X<o:7^-;UK£#i^-5£<*:(;:&'5. fe»R 
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[0 0 0 7] gijro^tetbT, (il^a-f^Mtll/VX 
©T^KIEBSntltf (&#b>X4Ifa) . t'-Alift 

tiU:-cu>X£Sj@-f ■& (0 3) o b^b&a*^ 
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[0 0 0 8] 
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t£«©§t:Jfc8. |)l*ffl«©iB*t;RIfi&tt©0ffia*59J 
#fgBJ3©tt#JSte. #3S9H£-«WfcfflIf 

s ns ci t * its b t> ©-e& s . 

[0 0 10] — 3©«*K<tn«. #B9Itt. 

*£p tf- A €tm«B c** * * * ft <* w > x 

h £ <fc (C «fc o Tffi^iKrt 5 - H- A £ 

Sfc#©Wfr5U>X(Hlfij:3-— y -f >b>XillS]a 
- h £2*113 U > X© yj—jw *<fifc -5 J: 5 tc2*#J u 
>X<n&&\z&m2ftfr-l >u>Xffi&\=L—v hx$>? 

[0 0 11] W*W>Xfliiai3.= y h£*M&U>X©7 

[0012] ±^bfcJ;^tc, W^b>XdrSitt. *f#> 



7 — ;U H tft% U >X©7 w -JP K 0 £fc>& 

l/i|80. <B|6l->XxA©teetttiiH^T*«Ci:*^ 
*>oT^-5. <S(P]vXT-A^U>X©7i'-;PFf*3^gE 

x©7-f-;pHi*j«<cE«*n**». *b<tt— 

■rt>U>XOT*K:*n«, 5 0 X£U:fiiK*SiM>S 

5tt-f >w>X0li6]->x?-A©e«a«. *JJ;^fcio 

h;|/©fc©-Ci&-&£:«>. #<©j£fflTtejgfflT? 

€r&v>fc©-e*s. 

[0013] m<^~ £t~. m-fjv> 

X«ian?*Dfc6iRJ6*«S»3EFlSl©-f > I' >X«lfln?tt 

>Xii[fi]*ja*-&t)-e--5ctc«fcoT, -f >u>Xii(6] 
^HfT bft <a <h * k t* - a > X;uic ^ fc « t 

[0014] #^©s^(cKS-&-rc#^«)i, £©s& 
m^u>x«iai>'X?A*«ttT?ffl^*t. tf-APM 

Xflffl->X^A*J*an?JflV>Si. k*-AfiJjg£g*<5 
° ©*§-SfeiRMte5 0 nmt&t). IP^ 5 0 %M4>"f -5 
iiCSS. HfI*W'>Xflil^>'X5 L AtCh*-ASr5 0 fc* 
-f >W>X<Il6l>'XT-AfClf— A* 1 0° 

[0 0 15] s**:fri*n?t>. e«R^ttW*©«'&<t ! b 1 

-&mmMm5° ofimmtisxnznz. m»ttifl&. 

-f>l/>X->X7 : -A©SiJ©^SHi:bT> ffi©ffi»^ 

nfct-ASU»A«Tr«k/MSl36*»*1W*l^>XflllfiI-> 
XfAi-f >b>Xdlp]->*xA©ffi|6tflffi«. ^*<t 

bT#enfc«*^*^Mictti±i$tis : fc©T-*s. 

[0 0 16] SfoT, *>7*;l/*ffl±T?©* 

[0 0 17] »jS^C*ffi^T-«. mr^W>Xill6l3-- 
y ht-T>U>Xm^~y hit. 2 5° ZV^/is-ZU 
\i-L.mmftmx$>r), &2.V<\Z3° ~1 5° ©BJ^ 
ASEt?*t). MtC»*b<«5 Q ~1 0" Tfe^iU^ 

g£#yg-r-&t>©T$.£<> ±tBc^tffeeij-eti, 3° © 

f-ASJ^^^^^tCfi. ?ffi;£U'>X<Il6]>-7.7 L A<£ 
SftiEbT3° fc*ltt*-A«r(il6]$-a-. JgH-f >^>Xd 
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[0018] »3:«»«&*iB#*T?tt. wsu>xm 
[0019] -r >u>x« 

[0 0 2 0]*«BC»lS;t»i:«W, ;:n£Tf2 
mistz®ft •>XfiM' ( f ©*tft U- >Xtrffiffl nJflrc* 

XT* -5. d©«fc5^«^a»»«U>X*ffl^5C:i: 

tcckox, SEM©i^- fti oo«?#;i<M»©J:3 
fetom^z-frxitft iz mtE<D¥m#mm\z *> o > x \tm * 

tLTfft'-AI^M*. 5 k e V<fcOi£<. 
L<tt2 k e V«fci9iS<. Mfc#*L< tttt 1 k e V» 

[0 0 2 1] tftmtS.$Zmi&&T'\t, *7AH 

-a. seoT. »«M5H->x«> m\£.nm\'>x<r>m 
c ©«t 5 KSg^Lfc^^-^K 

[0022] +ttumm&&%z>iz\z> -r>u>x«tfj 

i,*tt®ls>X\zttLX&Q*;&i'*'b<DXUrtniiUt>ts. 
5^tl:<fcoT. MM***-! 4 . 

■&-rtC*7A^«jf^f 5t- h*T'*fft U>XCD^Bjtg 

[0 0 2 3] C©iWK**HH-r*&»»-. #f£3H©5efc 

Tffl'I V >X £ , ;*Jfcaafil#«fc 0*i>±ttl/>Xfc*»6ft 
s-gl^>XT*-5. K-A*«M»*-&-rK:K«-»«* 
#*i8JB«*»nti. Tffli]W>X©*-^ffl$n-5. Tffl'J 

*£<,>t:--A£JiiAg»::WL.Tte. ±&W£K>m*l/> 
X©«-A^ffli/^n> I*t:fi^»li:60^t&li- 
A£Jji£lS£#-5. MSt&^lCig^nT^-Si'SK:. % 

mmt\f-M,m\mMm.<r>£-mif&^t>^zmcx. is 



[0 0 2 4] »*L<tt, TffllU>X»m^aBSI«^l 
Omm&TFT'&O. £ b< teT<9JU>X©iufcSg 

Bi«i^2mm~i^5mmCD^HO ; t)»T?*-5<. ±<MU> 
X©*JWEI*tttt 4 OmmEtTTSO. Mfc#*Ktt 
±<WU'>X©^KI»tt»l Omm~8 2 OmmCil 
<Db<DX$>&. £■<©*§&, ±ffliJl^>X05«*IEfl«3 

[0025] ■M.ts.^mmfi.^mmmx^ f>u>xm 

[0026] K»±*cpfa*e«ufc— Rw>x*« 

£<bfij£ t*-A£iig#*&-ti-&^ : &- 
H-rtt. en*. s^#f'^^tiT^s 

.fc^C iW^-&tc*5V>Tt>. #fi?f£<kfc:'-AiiM£iS 
©&Hfcfi*£fc>tt»cfc UT«*f »e*8ETW U >X£ 

£-©l^>X<hffi^fr-£Tffl^-5 
[0 0 2 7] $?£L<te. *^A«iS^ffi±T^mffi 

[0 0 2 8] #589!«. (a) ftWci&oTeii-rsffi 

i»?t-A£fiSt5^T7^i< (b) t£.mmm\z 
t£¥-j±mmnmT*ffimn?¥--j±&mmmzfavz> 

fc*©#i£TfcoT* Z\(Djjmt3ElZ> (c) fc'-ASJ 
IftS^tSXT-y^. (d) ?tWtC«ioT€« 

t -s^ssil^ f- a zytmfrz mnxmfi} 2 -a- -5 xf v 

XT$>oT, f-A*<l(^$-a:*^5'a:S^ffl*m*'& 
^■&SCi:(CJ;oT^fm^f-A^73[Sl^^^n, » 
1 <DXftfrZUm$ffl\zmfz2>&5\zffi[ii}<nj<:%2tf& 

vitsn, fitimmfat)mpmm<D<timzm 1 nm^zhrz 
zTrnfoxryXt. (e) iiisjsn^me^tr-A 

mmm tz mtc* «t 5 k st? isi^tt^ji^^ Bates 
(d) o«isjtxxyy (e) <Dmjjfammu.mm& 

•5. 

[0 0 2 9] d[fi]S^S73f&I#lt«f-ASiMftS€:- 

(C*fr-5miR^m2©^#«. tf-A©9Jii£a££ 
^-ffX^M-r-5>il<i:^Blli-C*-5. «E^T. *5E^©^ 

T. -^©Sim^ST"^>X^*®±© (^:) >R^5:^ 
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[0 0 3 0] MttaMMtCtntf. #SSf]tt. 
^T£8T£ffiS&^k*-A£«&t-*fc&©&7«Sa 

gSB^txx. <iyvyxwtim-—vytMifavyxv> l m 

[0031] *«w©»j©««cj:ntf, 
«Mt«T#i&*£. »*u>xt. tief«Mi» 

4 -)V F «h««-r 7 -C H *fP*-f > k >xe 

[0 0 3 2] *f^©±fcbfc!B8KMB©<fc0»fflft« 

[0 0 3 3] 0®tC*J^T, Btf#!IB##ttHi;**& 
[0 0 3 4] 

^^£BS^£ffim*3ff<hLT/^Sfc©£bTfB« 

[0 0 3 5] *^SrJ:OA<a^t-^fcJe)tC, SEM 

*»&*tHSn. )tii6i:i&oT)H«)U>X2 0OSiS] 
®^-&!&iii©7V — f\ n >7 r >itu>x, nose, ^ 

tt®V>X2 OB. m^b'-A^Stm 8 ©StSKiMC 



[0036] @2tii na©i»*u>xaiisi3.=y h 

7 0*»Jfcttl 6lC}&-?Tig8Sl 5 ai^gBl 5bKH£ 

-A^disiu. cn»*»ww»i 2 

d) Cfc-SfBO, *MfcU>X2 0l;:,fc0»6^J>*^H^6Jfc 
\£— Attfrft 0 fttA* •=> n*XT*Mtl 1/ >X©7 * — * K * 
[0 0 3 7] tt±£-ATB, WPHX^Jl^Wfcf-A© 

©<h&9. £©i£&B 

d,= C c aAE/E (1) 

T'SfrSnS. c e Be«us«*i?. aB®# 

^+^T'S>0, AE/EB^k'-AX^M 1 ©^!^ 
*4 ] ^a©W±t:-A©fe I R*^*^ 

(i) «nm^ti-/»3WWnuTu>x*a 
jB-ra^ffirottia^Tocffl^* - 1 *> nitre**. 
£©*§•&. *SC (1) K*V>T*+fto»K— A«3tft 
«£«S**.fctt*i«&&'**. ft$d c BSH:&<Ae-A 

O^oiS) ilfc*LT ^ 

[0 0 3 8] £©#>HI£\ E-AE, E, E+AE©X 
T5f f l:^t)f *S 1 5 e. 1 
5d, 15cia-5t02t:K0WC^nw5. 0 

[0 0 3 9] 0 3H fflfS)rJ^;U8 2, 8 4^Mil'> 

iSf 5tt#W&«£3fe©i2§h£^ 5 b©'e»*. k*-A# 
ttWU>X2 0*a5Bbfc«. »l©«l6J3'f^8 2B 
3tlft*»6(frJ:5K:lf-A*flil6lS-&. *2©«l6l=i'f 

6±T*f^U>X2 0*®iS-rs©t?, 
A^UauWe.. 1WS1^>X2 0©T(WC»S3-i' ;p© 

[0 0 4 0] Ell (a) tt, #^#^1 0T-jSWtC7K 

A^ejaai^n, ksssi 4 a±<&3t«i 6tc»^TK^i 
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ear*. «*i/>x«isi^yh3ott, m^mmm, 

[0 0 4 1] ffiJj)/>Xffi$}3-~y h3 0H 
«l 2 («b<tt«?#ll&K<0+ro<0*> i*Mfcl">X 

nfctf-A9J»ft!e^K«ltfiflbT^S. 01 (a) 
»^bfcfeiRI6tt, 5* O«*ftfc^*10 0nmT» 

«#Bg#^14cT*IBS0W^-rjlSK^fc<h*O, SI© 
3Er|fij^Stt»«*Bta&*. 01 (b) fc*bfc*ffi 

9114 cT^nt^^o 

[0042] ^n-eno^^-^F^aaiTSckii^ 

0%«±Ofe4KH^M'>^TfeSo 01 (a) ICISH 

Xii^^^h4 0OfeiR^«> 5° oft»fti:o*5 
0 nmtfWtft*. 

[0 0 4 3] <>l/>Xi^7h4 0H {Hfi:W 

(a) OlSHIt 3>f;W-^iWHIlU>X2 0O£¥ 
oS_hKHSfcfib, fe^-oon^moiTffiO'F*^ 
{£BTS«^^iBB^^bT«/^^ fifSizL-^ h4 0 
i»tl^>X2 0©7>f-^HWl&0^5E0, ffi 

[0 0 4 4] *389i<0*9i#«tt* S9^U>Xffl^3L^l 

j^k, <>u>XifSi^7h4 0^ffl^wnn 

iffifi\Z)$rcZ>. CZX% >f>U>X«|filO.ryh4 0* 
ffl^Ttf-A*H*lS]#frfrntf, 01 (a) <0#HB# 



fcfc*. 01 (b) \t, JcWMdTSSnfc, K»« 

®^<o^ 2 <D*r*j<oa«£S"r. ^ss i 4 d u > 

X2 O0D£¥®JCifi^ffiB^&-55t^l 6^32^5 CI 
t^0i (a) fcTbfecftfifcMKt* 
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1 Title cf loventico 

COLUMN FOR CHARGED PARTICLE BEAM 
DEVICE 

2 Claims 

1 . A column for directing a beam of charged particles onto a specimen surface under 
an oblique beam landing angle, the column comprising: 

a particle source for providing the beam of charged particles propagating along an 
optical axis; 

an objective lens for focussing the beam of charged particles onto the specimen 
surface; 

a pre-lens deflection unit arranged between the particle source and the objective 
lens; 

the pre-lens deflection unit being adapted to deflect the beam of charged particles 
away irom the optical axis on such a path that the combined action of the 
objective lens and the pre-lens deflection unit directs the beam of charged 
particles towards the optical axis to hit the specimen surface from a first direction; 

an in-lens deflection unit arranged in the vicinity of the objective lens such that 
the fields of the in-lens deflection unit and the objective lens overlap; 

the in-lens deflection unit being adapted to redirect the deflected beam of charged 
particles on such a path that the combined action of the objective lens and the in- 
lens deflection unit redirects the beam of charged particles towards the optical axis 
to hit the specimen surface under said oblique beam landing angle from a second 
direction substantially opposite to said first direction. 

2. The column according to claim 1, wherein the pre-lens deflection unit and the in- 
lens deflection unit are adapted to provide a beam landing angle less than 25°, 
preferably between 3° and 1 5°, more preferable between 5* and 10°. 

3. The column according to claim 1, wherein the pre-lens deflection unit comprises 
two deflectors adapted to deflect the beam of charged particles away from the 
optical axis to a path seeming to emerge from a point coincident with the apparent 
position of the particle source or with an intermediate image of the particle source 
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4. The column according to claim 1, wherein the in-lens deflection unit comprises 
two deflectors adapted to redirect the deflected beam to cross the optical axis at 
the specimen surface . 

5. The column according to claim 1, wherein the objective lens is a compound 
magnetic-electrostatic lens, preferably where the electrostatic part of the 
compound magnetic-electrostatic lens is an electrostatic retarding lens. 

6. The column according to claim 5, further comprising means for applying a 
potential difference between the specimen and a pole piece of the objective lens. 

7. The column according to claims 1, wherein the objective lens is a two-stage lens, 
comprising a lower lens with short focal length and an upper lens with larger focal 
length. 

8. The column according to claim 7, wherein the focal length of the lower lens is 
about or less than 10 mm, preferably between about 2 mm and about 5 mm. 

9. The column according to claim 7, wherein the focal length of the upper lens is 
about or less than 40 mm, preferably between about 10 mm and about 20 mm. 

10. The column according to any of claims 7, wherein the in-lens deflection unit is 
arranged below the upper lens, proximal to the lower lens. 

11. The column according to claim I, further comprising a strong magnetic lens 
arranged below the specimen. 

1 2. The column according to claim I , further comprising means for scanning the beam 
of charged particles over the specimen surface . 
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13. A method for directing a beam of charged particles onto a specimen surface under 
a large beam landing angle, the method comprising the steps of: 

a) providing a beam of charged particles propagating along an optical axis; 

b) focussing the beam of charges particles onto the specimen surface; 
characterized in that the method further comprises the steps of 

c) selecting a beam landing angle; 

d) deflecting the beam of charged particles propagating along the optical axis 
away from the optical axis, 

whereby the magnitude of the deflection is chosen such that the combined 
action of deflecting and focussing the beam directs the beam of charged 
particles to hit the specimen surface from a first direction; 

the deflection causing a first contribution to the aberration on the specimen 
surface; 

e) redirecting the deflected beam of charged particles, 

whereby the redirection is chosen such that the combined action of redirecting 
and focussing the deflected beam directs the beam of charged particles to hit 
the specimen surface under said large beam landing angle from a second 
direction substantially opposite to said first direction; 

the redirection causing a second contribution to the aberration on the 
specimen surface; 

whereby the deflection in step d) and the redirection in step e) are chosen such that 
the total aberration on the specimen surface is minimized. 

14. A charged particle column having a defined optical axis , the charged particle 
column comprising: 

a charged particle source , an objective lens , 

a pre-lens deflection unit positioned between the source and the objective lens , 
an in-lens deflection unit proximal to the objective lens , 
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wherein said pre-lens deflector is operable to deflect charged particles away from 
the optical axis , and said in-lens deflector is operable to deflect charged particles 
towards the optical axis . 

1 5 . The charged particle column according to claim 1 4, wherein the pre-lens deflector 
comprises two deflectors operable to deflect charged particles away from the 
optical axis to a path emerging from the particle source or an intermediate image 
thereof, and wherein the in-lens deflector comprises two deflectors operable to 
redirect the deflected beam to cross the optical axis at the surface of a specimen to 
be examined. 

16. The column according to claim 14, wherein the objective lens is a lens selected 
from the group consisting of immersion lenses, compound magnetic-electrostatic 
lenses, two-stage lenses with a short and a large focal length, and combinations 
thereof. 

17. The column according to any of claims 14, further comprising means for scanning 
the beam of charged particles over the surface of a specimen to be examined. 

18. A charged particle column capable of providing oblique beam landing angles on a 
specimen, comprising: 

a charged particle source providing a beam of charged particles propagating along 
an optical axis; 

an objective lens creating a focusing field; 

a pre-lens deflection unit positioned between the particle source and the objective 
lens and, when energized, deflecting the beam of charged particles away from the 
optical axis in a first direction; 
an in-lens deflector unit; 

wherein, when energized, said in-lens deflection unit creates a deflection field at 
least partially overlapping the focusing field, and deflecting the particle beam at 
an inflection point within the focusing field. 



19. 
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The charged particle column of claim 18, wherein the inflection point is about the 
intersection of the optical axis and focusing plane of the focusing field. 

IT* charged particle column of claim 18. wherein the deflection field together 
with the focusing field deflect the beam in a direction opposite the first direction 
and, after the beam has crossed the optical axis, redirect the beam so as to hit the 
specimen substantially at an intersection of the optical axis and the specimen. 

A method for causing a charged particle beam to land on a specimen's surface at 
an oblique angle, comprising: 

providing a charged particle beam propagating along an optical axis; 

providing a focusing field for focusing the charged particle beam; 

applying a first deflection upon the charged particle beam away from the optical 

axis, the first deflection being applied above the focusing field; 

applying a second deflection upon the charged particle beam at least partially 

overlapping the focusing field and, together with the focusing field causing the 

beam to inflect about the optical axis and land upon the specimen's surface at an 

oblique angle. 
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FIELD OF THE INVENTION 



This invention relates to a charged particle beam device for the examination of specimen. 
In particular, this invention relates to a beam column where the beam may land on the 
specimen surface under an oblique landing angle. 



BACKGROUND OF THE INVENTION 

In charged particle beam devices, such as a scanning electron microscope (SEM) the 
typical aperture angle as well as the typical landing angle of the charged particle beam * of 
Z order of several mi.lirads. For many applications it is desirable that the charged parole 
beam lands on the sample surface under a much larger angle of about 5* to 1 0', corresponduig 
to 90 to 1 80 millirads. 

One application which requires such landing angles is the stereoscopic visualization of . 
specimen surface. Stereographic techniques using a SEM date back to the ejrly deve opmenUd 
period of scanning electron microscopy. Since electrons can be collected from pracUcally all 
parts of a relatively rough sample, a SEM image has a rather "real" appearance. ^The mam 
reason for this real appearance is that the secondary electron signal produced at the pomt of 
beam impact varies with the local slope of the surface in the same way as the perceived 
brightness of the surface of a diffusely illuminated macroscopic object. F^™ e ' 
variations in the efficiency with which this signal is collected by the weak electric field from 
the detector modifies the signal as a function of position such that it appears as if the sample 
surface contained shadow,. While the images have thus all the visual cues of a conventional 
black and white photograph, these cues are in many situations deceptive. It is therefore 
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essential that a method which provides authentic perspective information is available. 
Stereoscopic visualization is such a method. It is useful and sometimes indispensable for 
detecting and resolving situations where other coding mechanisms yield ambiguous results. 

In another application, topographical information about the specimen surface may be 
extracted, for example, from the parallax between stereo pairs of images obtained with a tilted 
beam. A further application, three-dimensional imaging of a specimen, requires also a beam 
tilted by several degrees, see, e.g., US Patent Number 5,734,164. 

In all these applications, the beam tilting mechanism plays a key role. In early solutions, a 
stereo effect was achieved by mechanically tilting the specimen to provide two perspectives. 
However, due to mechanical imperfections, a lateral movement of the specimen is inevitable, 
which often results in misregistrations between the elements of a stereo image pair. This 
problem is especially pertinent for highly regular structures such as an array of memory cells 
in an integrated circuit. 

When beam tilting is carried out electrically, the fact that the specimen can remain 
horizontally is a significant advantage as far as the lateral coordinate registration is concerned. 
Electrical tilting is also much faster than its mechanical counterpart. The electrical method, 
however, has also certain drawbacks. In one method, the beam is deflected above the 
objective lens (pre-Iens deflection) in such a way that each ray seems to emerge from a point 
coincident with the apparent position of the electron source (see Fig. 2). This way, each ray is 
focussed on the same area of the sample as long as the sample surface is in focus. However, as 
a consequence, the beam traverses the field of the objective lens considerably off-axis with its 
attendant degradations due to lens aberrations. Especially chromatic aberrations limit the 
attainable resolution to several tens of nanometers. Many applications require a much higher 
resolution of about 5 nm. 

If, as in another method, the deflection coils are arranged below the objective lens (post- 
lens deflection), the beam passes through the lens on the optical axis (Fig. 3). However, the 
physical dimensions of the coils below the final lens imposes a limit on the minimum 
attainable working distance, i.e., on the minimum attainable distance between the final lens 
and the specimen to be examined. An acceptable resolution is then not achieved due to the 
degraded instrument resolution arising from the enlarged working distance. 
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SUMMARY OF THE INVENTION 



The present invention intends to overcome the above-mentioned drawbacks and 
disadvantages of the prior art Specifically, the invention intends to provide an improved 
charged particle beam column allowing specimen to be examined with a large beam landing 
angle while maintaining a high resolution of the charged particle image. According to one 
aspect of the present invention, to achieve this, there is provided a column as specified in 
independent claims 1 and 14 and a method as specified in claim 13. 

Further advantageous features, aspects and details of the invention are evident from the 
dependent claims, the description and the accompanying drawings. The claims are intended to 
be understood as a first non-limiting approach to define the invention in general terms. 

According to one aspect, the invention provides a column for directing a beam of charged 
particles onto a specimen surface under a large beam landing angle, the column comprising: 

a particle source for providing the beam of charged particles propagating along an optical 
axis; an objective lens for focussing the beam of charged particles onto the specimen surface; 
a pre-lens deflection unit arranged between the particle source and the objective lens; the pre- 
lens deflection unit being adapted to deflect the beam of charged particles away from the 
optical axis on such a path that the combined action of the objective lens and the pre-lens 
deflection unit directs the beam of charged particles towards the optical axis to hit the 
specimen surface from a first direction; an in-lens deflection unit arranged in the vicinity of 
the objective lens such that the fields of the in-lens deflection unit and. the objective lens 
overlap; the in-lens deflection unit being adapted to redirect the deflected beam of charged 
particles on such a path that the combined action of the objective lens and the in-lens 
deflection unit redirects the beam of charged particles towards the optical axis to hit the 
specimen surface under said large beam landing angle from a second direction substantially 
opposite to said first direction. 

Preferably, the fields of the pre-lens deflection unit and the objective lens have 
substantially no overlap. It is further advantageous if the in-lens deflection unit and the 
objective lens have appreciable overlap. 
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As discussed above, pre-lens deflection leads to an off-axis path of the beam through the 
objective lens which gives rise to large chromatic aberrations. These chromatic aberrations 
have been found to be independent of the position of the deflecting system as long as the field 
of the deflector and the field of the objective lens do n.t overlap. When the deflection system 
is placed inside the field of the lens, the chromatic aberrations are reduced. The reduction can 
amount to 50% or more, if the deflection system is placed deep inside the field of the lens or 
even partly below the lens. However, the chromatic aberration of such an in-lens deflection 
system is still in the order of tens of nanometers and thus not acceptable for many 
applications. 

It has surprisingly been found by the present inventors that the chromatic aberrations 
caused by pre-lens deflection can be compensated by an in-lens deflection in the opposite 
direction. The combined action of pre-lens deflection and in-lens deflection causes the 
charged particle beam to hit the sample surface from a direction substantially opposite to the 
direction from which the beam hits the sample when no in-lens deflection is carried out 

Without being bound to a particular theory, this effect is presently understood as follows: 
For example, the pre-lens deflection system alone may cause a chromatic aberration of 
100 nm for a beam landing angle of 5°, and the in-lens deflection system alone may cause a 
chromatic aberration of 50 nm for a beam landing angle of 5°, i.e. one which is reduced by 
50%. Exciting the pre-lens deflection system to tilt the beam by 5°, and die in-lens deflection 
system to tilt the beam by 10° in the opposite direction then leads to a net tilt angle of 5°. 

The chromatic aberrations amount to 100 nm in both cases, albeit in opposite directions, 
such that these, chromatic aberrations exactly compensate each other. A net beam landing 
angle of 5° at negligible chromatic aberrations results. Of course, the skilled person will 
appreciate that for different reduction factors of the in-lens system, other relative tilt angles 
may have to be chosen to achieve compensation. Further, the practice of the invention does 
not depend on a knowledge of the chromatic aberrations of the deflection systems. The 
deflection angles of the pre-lens and in-lens deflection system at which for a preselected beam 
landing angle minimum aberration is obtained may be extracted experimentally from the 
resulting images. 
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The invention has thus the advantage that large beam landing angles on the sample 
surface can be provided without the usual reduction in resolutions arising from large 
chromatic aberrations. 

In a preferred embodiment, the pre-lens deflection unit and the in-lens deflection unit are 
adapted to provide a beam landing angle less than 25°, preferably between 3° and 15°, more 
preferable between 5° and 10°. In the example given above, a beam landing angle of 3° would 
be realized by exciting the pre-lens deflection system to tilt the beam by 3°, and the in-lens 
deflection system to tilt the beam by 6° in the opposite direction to achieve a net tilt angle of 
3°. 

In a further preferred embodiment, the pre-lens deflection unit comprises two deflectors 
adapted to deflect the beam of charged particle away from the optical axis to a path seeming 
to emerge from a point coincident with the apparent position of the particle source or, if 
applicable, to emerge from a point coincident with the apparent position of an intermediate 
image of the particle source. 

In still a further preferred embodiment, the in-lens deflection unit comprises two 
deflectors adapted to redirect the deflected beam to cross the optical axis at the specimen 
surface. 

Although the deflection system described so far can be used with any kind of objective 
lens, in a preferred aspect of the invention, the objective lens is a compound magnetic- 
electrostatic lens. Preferably, the electrostatic part of the compound magnetic-electrostatic 
lens is an electrostatic retarding lens. Using such a compound magnetic-electrostatic lens 
yields superior resolution at low acceleration energies, such as a few hundred electron volts in 
case of a SEM. Such low acceleration energies are desirable especially in modern 
semiconductor industry, to avoid charging and/or damaging of radiation sensitive specimens. 
In a preferred embodiment, the electrostatic retarding lens reduces the energy of a beam of 
electrons as charged particles to less then 5 keV, more preferably to less then 2 keV, most 
preferably to about or less than 1 keV. 

In a preferred embodiment, the column comprises means for applying a potential 
difference between the specimen and a pole piece of the objective lens. An electrostatic 
retarding lens may thus be created between the specimen and a pole piece of the objective 
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lens, without making additional electrodes necessary. The skilled person will appreciate, 
however, that additional electrodes may be present to supplement and/or modify the thus 
generated retarding field. 

To obtain a sufficient tilt angle, the strength of the deflecting field of the in-lens 
deflection unit must be larger for an objective lens with a shorter focal length. In some cases 
this requirement on the in-lens deflection unit may prevent the use of strong objective lenses 
thereby limiting the achievable resolution of the objective lens in the standard imaging mode, 
i.e. in a mode where the column is operated without beam tilt 

To overcome this limitation, according to a further preferred aspect of the invention, the 
objective lens is a two-stage lens, comprising a lower lens with short focal length and an 
upper lens with larger focal length. If high resolution but no beam tilt is required, only the 
lower lens would be used. Due to its short focal length, high resolution is achieved. For large 
beam landing angles, only the upper, weaker lens would be used, resulting in a slightly worse 
resolution allowing large beam landing angles. As will be appreciated by the skilled person, 
both lenses may be used simultaneously with relative excitation strengths depending on the 
required combination of resolution and beam landing angle. 

Preferably, the focal length of the lower lens is about or less then 10 mm, more 
preferably, the focal length of the lower lens is in the range between about 2 mm and about 5 
mm. The focal length of the upper lens is preferably about or less than 40 mm, more 
preferably the focal length of the upper lens is in the range between about 10 nun and about 
20 mm. In most cases the focal length of the upper lens will be larger than 3 mm. 

In a further preferred embodiment, the in-lens deflection unit is arranged below the upper 
lens, proximal to the lower lens. 

Instead of a two-stage lens with both stages arranged above the specimen, it may be 
advantageous to put a further strong magnetic lens below the specimen. In a mode with no 
beam tilt, high resolution may then be achieved. As will be appreciated by the skilled person, 
also in this case both lenses may be used simultaneously with relative excitation strengths 
depending on the required combination of resolution and beam landing angle. Also, the 
additional strong magnetic lens may be combined with a two-stage lens. 
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Preferably, the column further comprises means for scanning the beam of charged 
particles over the surface of the specimen. 

The invention further comprises a method for directing a beam of charged particles onto a 
specimen surface under a large beam landing angle, the method comprising the steps of: 

a) providing a beam of charged particles propagating along an optical axis; 

b) focussing the beam of charges particles onto the specimen surface; 
whereby the method is characterized in further comprising the steps of 

c) selecting a beam landing angle; 

d) deflecting the beam of charged particles propagating along the optical axis away 
from the optical axis, 

whereby the magnitude of the deflection is chosen such that the combined action of 
deflecting and focussing the beam directs the beam of charged particles to hit the 
specimen surface from a first direction; 

the deflection causing a first contribution to the aberration on the specimen surface; 

e) redirecting the deflected beam of charged particles, 

whereby the redirection is chosen such that the combined action of redirecting and 
focussing the deflected beam directs the beam of charged particles to hit the 
specimen surface under said large beam landing angle from a second direction 
substantially opposite to said first direction; 

the redirection causing a second contribution to the aberration on the specimen 
surface; 

whereby the deflection in step d) and the redirection in step e) are chosen such that the total 
aberration on the specimen surface is minimized. N 

The deflection and redirection can be varied while keeping the beam landing angle constant 
That way, the first and second contributions to the aberration can be varied without changing 
the beam landing angle. In the method according to an embodiment of the invention, the 
deflection and redirection is then adjusted to yield minimum (total) aberration on the sample 
surface at constant landing angle. In the framework of the above-mentioned theory this will be 
the case when the deflection and redirection are such that the first and second contribution to 
the aberration essentially compensate each other. 

According to further aspect, the invention provides a column for directing a beam of 
charged particles onto a specimen under a large beam landing angle, the column comprising: a 
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particle source for providing a beam of charged particles propagating along an optical axis; an 
objective lens for focussing the beam of charged particles onto the specimen; a pre-lens 
deflection unit for deflecting the beam of charged particles away fiom the optical axis the 
pre-lens deflection unit being arranged between the particle source and the objective lens such 
that the fields of the pre-lens deflection unit and the objective lens have substantially no 
overlap; an in-lens deflection unit for redirecting the deflected beam of charged particles to 
the opposite side of the optical axis . the in-lens deflection unit being arranged in the vicinity 
of the objective lens such that the fields of the in-lens deflection unit and the objective lens 
have appreciable overlap, such that the combined action of the objective lens and the in-lcns 
deflection unit directs the beam of charged particles back to the optical axis whereby the beam 
of charged particles hits the specimen under said large beam landing angle. 

According to another aspect of the invention, a charged particle column having a defined 
optical axis is provided, the charged particle column comprising a charged particle source an 
objective lens, a pre-lens deflection unit positioned between the source and the objective lens 
an m-lens deflection unit proximal to the objective lens and, when activated, creating a 
deflection field overlapping a focussing field of the objective lens, wherein said pre-lens 
deflector » operable to deflect charged particles away from the optical axis, and said in-lens 
deflector is operable to deflect charged particles towards the optical axis 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

elecl^/rt! 8 ' Prefem!d emb ° dimentS of mention are discussed which use 
electrons as charged particles. The invention is, however, not limited to the use of ^ol 
but encompasses the useof protons, ions and other charged particles asLl 

objective lenc 7n „ y * e Reeled beam is focussed by the 
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For an on-axis beam, the finite energy spread of the beam results in a disk of least 
confusion with diameter d c * which can be written as 

d c = C c adE/E. 0) 

where C c is the chromatic aberration coefficient, a is usually the convergence angle, and dEJE 
is the fractional variation in the electron-beam energy. Formula (1), which describes the 
chromatic aberration for an on-axis beam with convergence angle a, can also be used to 
describe a situation where the charged particle beam passes the lens off-axis. In this case, the 
convergence angle a has to be replaced by the beam landing angle in equation (1) and the 
length d c is a lateral extension of the elongated beam cross section. A large chromatic 
aberration arises as the beam landing angle is very large (several degrees) compared to typical 
convergence angles (a few tenth of a degree). 

The effect is schematically shown in Fig. 2 by rays 15e, 15d and 1 5c representing 
electrons with energies E - AE t E 9 and E + AE 3 respectively. In designs as illustrated in Fig. 2, 
chromatic aberration blurs the image and limits the attainable resolution to several tens of 
nanometers. 

Figure 3 shows an alternative prior art design wherein deflection coils 82, 84 are arranged 
below the objective lens 20 to form a post-lens deflection system 80. After the beam passes 
through the objective lens 20, a first deflection coil 82 deflects the beam away from the 
optical axis and a second deflection coil 84 directs the beam back to the optical axis to hit the 
sample under the desired beam landing angle. As the beam passes the objective lens 20 on the 
optical axis 16, the resolution is not degraded by the off-axis aberration of the lens. However, 
the physical dimensions of the coils below the final lens 20 imposes a limit on the minimum 
working distance attainable, requiring objective lenses with larger focal lengths. The larger 
focal length then gives rise to increased chromatic as well as to increased spherical 
aberrations. Accordingly, solutions as illustrated in Fig. 3, do also not achieve acceptable 
image resolutions. 

Figure la illustrates a particular embodiment of a column according to the invention, 
generally represented by the reference numeral 10. As before, an electron beam is released 
from an electron source 12 and propagates on a path 1 4a along the optical axis 16 towards an 
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objective lens 20 which focuses the beam onto the surface fa specimen 18. The pre-lens 
deflection unit 30 comprises two deflection coils 32, 34 to deflect the beam from the optical 
axis 16 to a path I4b which seemingly emerges from a point coincident with the apparent 
position of the electron source 12. Depending on the design of the column, reference sign 12 
may represent the electron source itself or an intermediate image of me electron source. 

The pre-lens deflection unit 30 is arranged between the electron source 12 (or an 
intermediate image thereof) and the objective lens 20 such that Acre is practically no overlap 
between the respective fields. The chromatic aberration produced by the pre-lens deflection 
unit 30 is then independent of the position of the pre-lens deflection unit 30 and is roughly 
proportional to the chosen beam landing angle. In the embodiment shown in Fig. la, the 
chromatic aberration produced by the pre-lens deflection unit 30 was 100 nm per 5° tilt angle. 
If only the pre-lens deflection unit 30 but not the in-lens deflection unit 40 is used, the 
electron beam follows a path as schematically represented by reference sign 14c, hitting the 
specimen surface from a first direction. In the top view of the specimen of Fig. lb, the 
projection of this first direction onto the specimen surface is illustrated by arrow 14c. 

When a deflection system is placed inside the field of the objective lens such that the 
respective fields overlap, the chromatic aberration is reduced. By placing the deflection 
system deep inside or slightly below the objective lens, reductions of 50% or even more have 
been achieved. In the embodiment shown schematically in Fig.ia an additional deflection 
system, namely the in-lens deflection unit 40 was placed such that the chromatic aberration 
was reduced by 50%. Thus, the chromatic aberration of the in-lens deflection unit 40 was only 
50 nm per 5° tilt angle. v 



The in-lens deflection unit 40 is a two-stage unit comprising deflection coils 42 and 44. 
While the schematic sketch of Fig. la shows an arrangement where one of the coils is 
positioned above and one coil is positioned below the principal plane of the objective lens 20. 
other arrangement are also possible as long as there is an overlap between the fields of the 
deflection unit 40 and the objective lens 20. It is preferred that the overlap between the 
respective fields is made as large as possible. 

The present inventors have observed that the chromatic aberration which result from the 
off-axis path of the beam due to the deflection by the pre-lens deflection unit 30 can be 
compensated by the use of the in-lens deflection unit 40. As mentioned above, without the in- 



(27) 



2000-348658 



lens deflection unit 40, the electron beam follows path 14c. hitting the specimen surface from 
firs Luoa Now, the in-lens deflection unit 40 redirects die beam so that ,t ^ a p*h 
^hematically represented by reference sign 14d in Fig. la. The redirection is such that the 
nr^Xhe surface of the specimen from a second direction which is subtly 
TZ « ■ the ^t direction. Fig. lb shows a projection of the on, *e 

seamen surface, illustrated by arrow 14d. While it may appear from F,g. la that &e pa* 14d 
crises the optical axis 16 close to the main plane of the objective lens 20, this need not 
always be the case. 

As the in-lens deflection unit 40 is inside the field of the objective lens 20, it is not the 

unit 40 and the objective lens 20 that directs the beam back to the optical ax* such d* it hi* 
Z sample under the preselected landing angle. Since the field of the object hms 20 and the 
in-]ens deflection unit 40 overlap considerably, their contributions to the beam ben<hng cannot 
be separated graphically in Fig. la. For illustration, Fig. .a shows the beam path m a 
simpUfiTd manner, as if its deflection were only due to the in-lens deflect™ unit 40. 

The beam paths shown in Figs. 1 to 3 are further simplified in that they do not show the 
rotation of the beam caused by magnetic tense, These effects are not showr, as they are 
Xult to depict in a two^imensional drawing and because the skilled person « weU aw. 
of theses additional effects. Also, these effects are not important for an understanding of the 
present inventioa 

Without being bound to a particular theory, it is presently thought that the compensation 
of the chromatic aberration can be explained as follows: 

If a net beam landing angle of 5° is desired, the pre-lens deflection unit 30 * exerted to a 
,evel which would lead to a landing angle of 5» coming from a fust direction if the m-Uns 
Lction unit 40 is not activated. In Fig. la, the beam would then follow path 14c and land 
on the specimen under an angle of 5° coming from the right (also shown m Fig. lb). 

T^rthe in-lens deflection unit 40 is excited to a level which wou.d ,ead to a lan mg 
angle of 10« coming from a second direction, substantially opposite to the first d.recaon, if the 
^ Lflection Lit 30 would not be activated. Both deflecting units 30, 40 together then 
B ive rise to path 14d and to the desired landing angle of 10«-5» = 5", commg from the second 
direction (also shown in Fig. lb). With the values of the chromatic aberrations mentioned 
above, the chromatic aberrations introduced are: 
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100 nm in the first direction (100 nm/5° at an angle of 5°) and 
100 ran in the second, opposite direction (50 nm/S° at an angle of 10°). 
Since the aberrations are equal and in opposite directions, they compensate each other. 

It is clear that for different values of the chromatic aberrations of the deflection units, 
other tilt angles have to be chosen to achieve the same beam landing angle. If, for example, 
the pre-lens deflection unit has an aberration of 100 nm/5° and the in-lens deflection unit has 
an aberration of 60 nm/5°, the tilt angles should be 7.5° and 115°, respectively. The beam 
landing angle is then 12.5°-7.5° = 5°, and the chromatic aberrations are compensated 
(100 nm/5° • 7.5° = 150 nm in one direction, 60 nm/5< M2.5* = 150 nm in the opposite 
direction). 

It should be emphasized that the practice of the invention does not rely on the correctness 
or a knowledge of the above-mentioned mechanism. Especially, the aberrations of the pre-lens 
and in-lens deflection units 30, 40 and the tilt angles mentioned above do not have to be 
known. For the invention, it is sufficient that the in-lens deflection unit 40 redirects the beam 
so that it lands from a direction substantially opposite to the first direction (i.e. the direcnon 
under which the beam would hit the surface of the specimen without the in-lens deflect.on 
unit) and that the field of the in-lens deflection unit 40 overlaps with the field of the objecUve 
lens 20 while the field of the pre-lens deflection unit 30 does not The aberration of the in- 
lens deflection unit 40 is then reduced compared to the pre-lens deflection unit 30 and for any 
preselected beam landing angle there exist tilt angles which lead to a compensation of the 
chromatic aberrations. The specific excitations at which the desired landing angle at 
maximum compensation is achieved can be extracted experimentally from the imagfcs 
obtained. 

From the above examples it is clear that the in-lens deflection unit 40 must deflect by a 
larger angle if its chromatic aberration is closer to the chromatic aberration of the pre-lens 
deflection unit 30. Therefore, it is preferred that the in-lens deflection unit 40 is positioned 
deep inside or even slightly below the field of the objective lens 20 such that their respective 
fields overlap considerably. 

While the figures show the pre-lens deflection unit 30 to comprise two deflection coils 32, 
34, it is also possible to use a pre-lens deflection unit 30 consisting of a single deflector only, 
for example, in a case where reference sign 12 represents an intermediate image of an election 
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source. Advantageously, the single deflector is then placed approximately at the height of the 
intermediate image. This single deflector is then sufficient to deflect the beam away from the 
optical axis 16 to a path which seems to emerges from the intermediate image of the electron 
source. 

Another embodiment of the invention is discussed with respect to Fig. 4. This figure 
shows in greater detail an objective lens 50 which allows two imaging modes: 

It has been found that the strength of the deflecting field of the in-lens deflection unit 40 
has to be increased if objective lenses with shorter focal lengths are used. In some applications 
it is beneficial to work with an objective lens with a very short focal length. This would 
require an in-lens deflection unit having a very large deflecting field. However, the maximum 
strength of the field of an in-lens deflection unit is limited, which in turn demands that the 
focal length of the objective lens be larger than a certain value, which is often larger than 
desired. This is, because the achievable resolution of such a rather weak objective lens in the 
standard imaging mode, i.e. in a mode when no beam tilt is needed, may be limited to about 
5 run. 

The objective lens 50 of Fig. 4 overcomes this problem by providing two imaging modes: 
a high resolution imaging mode for cases, where a beam tilt is not required, and a beam tilt 
mode with reduced resolution. 

Objective lens 50 is a combined magnetic-electrostatic lens which leads to superior 
resolution at low acceleration energies. Its magnetic lens is a two-stage lens comprising a 
lower lens with short focal length formed by pole pieces 52 and 54 and an upper lens with 
larger focal length formed by pole pieces 54 and 56. Its electrostatic lens for decelerating the 
particle beam is formed by the electrode 58 and the lower pole piece 52 of the lower magnetic 
lens. 

If high resolution is desired and no beam tilt is needed, only the lower lens 52, 54 is used. 
Due to its small focal length a resolution of about 2 run is achieved. The in-lens deflection 
coils 40 can in this case be used as scan coils or as shift coils. 

On the other hand, if a large beam landing angle is needed, the upper lens 54, 56 is used. 
Being weaker, the constraints on the deflection fields of the deflection unit 40 are easily met. 
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In this mode, large beam landing angles can be achieved at the cost of a slightly worse 
resolution (about 4 nm). Of course, both lenses may by used simultaneously to produce results 
lying between the above extremes in a tradeoff between high resolution and large landing 
angle. 

Further embodiments of objective lenses implementing features of the invention are 
shown in Figs. 5 to 10. As can be understood, any of the described lenses can be used as 
objective 20 shown in Fig. la. 

In Fig. 5, the objective lens 120 is a single stage purely magnetic lens. The magnetic lens 
may be combined with an electrostatic lens, preferably an electrostatic retarding lens for 
improved resolution at very low energies of about or below 2 keV. 

The electrostatic retarding field may be created between the objective lens 220 and the 
specimen 18 by applying a potential to one of those, usually to the specimen 18. In the 
embodiment of Fig. 6 a negative potential U is applied to the specimen, while a pole piece 
252 of the objective lens 220 is grounded. For a beam energy inside the focusing magnetic 
lens oU for example, between 2 and 20 keV, the negative potential U is, for example, between 
2 and 20 kV, resulting in a landing energy between 1 0 eV and 2 keV. This low landing energy 
improves the focusing properties of the lens and the image resolution. 

Further embodiments are illustrated with respect to objective lens 320 in Fig. 7, wherein 
the potential Ul applied to the specimen 18 and potential U2 applied to the electrode 326 are 
optional. In one case, electrodes 324, 326 and corresponding potentials U2 and U3 are 
present and form an electrostatic lens generating a retarding field decelerating the electron 
beam above the sample. Potential U3 is, for example, between 2 and 20 kV, and potential U2 
is, for example, between 0 and 5 kV. If, in a second case, an additional potential Ul is applied 
to the specimen, it may be varied between -5 kV and 5 kV. 

Electrode 326 and potential U2 are not required, but, if present, provide improved control, 
of the field at the specimen surface. 

Figure 8 illustrates the use of the pre- and in-lens deflection system with an electrostatic 
three electrode (422, 424, 426) objective lens 420. The in-lens deflection units 40 comprises 
two deflectors 42, 44, each arranged between two of the electrodes (422, 424 and 424, 426) of 
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the objective lens 420. In an alternate embodiment, the electrodes 422, 424, 426 are spit into 
segments, and the in-lens deflection unit is formed by a subset of the lens segments. 

Figure 9 shows a column with an objective lens 520 as in Fig. 7, but wherein a further 
strong magnetic lens 90 is placed below the specimen 18 to achieve high resolution in the 
operating mode without beam tilt. Of course, as discussed in connection with Fig 4 the 
strong magnetic lens 90 may also be operated in a mode with beam tilt to achieve a tradeoff 
between high resolution and large beam landing angle. 

Figure 10 shows a configuration similar to that of Fig. 4, with a two-stage compound 
magnetic-electrostatic objective lens 620. An electrostatic retarding lens is formed by the 
electrodes 624, 626 yielding improved resolution at low energies around and below 2 keV 
The magnetic lens is a two-stage lens with a lower lens formed by the pole pieces 652 and 
654, and an upper lens formed by the pole pieces 654, 656. In this embodiment, the lower lens 
has a focal length of, for example, 4 mm while the upper lens has a focal length of, for 
example, 1 5 mm. This column is operated as described in connection with Fig. 4 above. 

i Brief Description of Drawiegs 

Some of the above indicated and other more detailed aspects of the invention will be 
desenbed m the following description and partially illustrated with reference to the figures in 
which 

Kg. la is a schematic vertical cross section of a beam column according to an 
embodiment of the invention; 

Fig. lb is a schematic top view on the specimen of the column of Fig. I a; 

F«g. 2 is a schematic vertical cross section of a prior art beam column using a pre-lens 
deflection system; 

Fi8 ' 3 izz:^ cross section of a prior - ■ — * — 
Fig ' 4 LtEE * ew of a ^ objective ,ens » - °< 

Fig. 5-10 show vertical cross sections of the lower part of beam columns according to 
further advantageous embodiment of the invention; 

In the figures, like reference numerals refer to like elements. 
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1 Abstract 



A charged particle beam column comprises: a particle source; an objective lens; a pre-lens 
deflection unit for deflecting a beam of charged particles away from the optical axis on such a 
path that the combined action of the objective lens and the pre-lens deflection unit directs the 
beam of charged particles towards the optical axis to hit the specimen surface from a first 
direction; and an in-lens deflection unit arranged in the vicinity of the objective lens for 
redirecting the deflected beam of charged particles on such a path that the combined action of 
the objective lens and the in-lens deflection unit redirects the beam of charged particles 
towards the optical axis to hit the specimen surface under said large beam landing angle from 
a second direction substantially opposite to said first direction. 



2 Representative Drawing Fig. I 



